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I. SUMMARY 

The Re-Entry System Department of the General Electr ic  Company 

has  been under contract to the National Aeronautics and Space Administration 

since May 8 ,  1961, for the design and fabrication of a two-stage tes t  turbine 

suitable for operation in saturated potassium vapor a t  160O0F. 

turbine consists of stages three and four of a five-stage 500 KW turbine 

and is to have a design flow capacity of 2 .8  pounds per second. 

sixteen-month phase of the contract covers assembly, test ,  and evaluation 

for the turbine and associated components. 

The tes t  

The present 

The main objectives of th i s  program a r e  to study the effects of 

vapor wetness on performance, to study impingement damage and washing 

erosion with different blade materials, to study the phenomena of super- 

saturation and droplet formation, to establish the values of the polytropic 

exponent of potassium vapor as an improvement over General Electr ic 's  

calculated Mollier diagrams, and finally, to establish accurate  fluid flow 

design methods for potassium turbines operating in the wet vapor region. 

In addition an objective was to demonstrate inter stage condensate extrac- 

tion in steam. 

tes t  program anticipates 200 hours of performance testing, 1, 000 hours 

endurance testing under design conditions a t  19,200 rpm, and 1000 hours 

endurance testing under aggravated erosive conditions at 23,000 rpm. 

The tes t  turbine runs on oil lubricated bearings. The 



The present report  covers  progress  during the quarter  ending 

May 8 ,  1964. The main events of this reporting period are:  

Fluid Dynamic Testing 

Turbine potassium test preparations during the quarter  included 

the completion of the performance tes t  plan including tolerances on tes t  

control variables, the check out of all data handling and reducing procedures 

and the completion of procedures for  potassium performance prediction. 

During the past quarter ,  evaluation of the converging-diverging 

nozzle data in potassium continued. 

between inlet and the throat were improved, resulting in t rends with vapor 

quality which w i l l  be used in performance prediction and data evaluation. 

The potassium vapor mass  flow values as measured with the facility 

electromagnetic flowmeter were composed with the cri t ical  mass  flow 

values calculated from the average polytropic exponents. 

in average polytropic exponent along the nozzle w a s  a lso computed. 

The overall  polytropic exponents 

The variation 

Mechanical Design and Testing 

During the quarter  the turbine, l e s s  the nozzle diaphragms and 

casing, was run up and then assembled for  test. 

welding of the casing and the bearing housing flanges in a carefully controlled 

The assembly required 
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process  which was developed with an experimental casing. 

the turbine into the facility, i t  was clamped in place and run up again to 

demonstrate that welding had not distorted the casing causing a rub. 

the turbine w a s  welded into the facility and all final preparations for testing 

were completed. Turbine ta re  losses to establish the bearing and sea l  

losses  on the turbine shaft w e r e  car r ied  out with the hydrodynamic sea l  

operative. Attempts 

to r e s t a r t  the turbine failed because lube oil had entered the potassium seal  

loop. 

the cause of the oil leak. 

s ea l  and the other,  model testing in air and water. 

Before welding 

Next 

A scheduled shut down w a s  car r ied  out after this test .  

The quarter  ended with the initiation of parallel  programs to establish 

One program involved a modification of a shaft 

3000 KW Facility 

During the ear ly  part of this quarter ,  a General Electric Company 

sub-contractor completed all  modifications and additions to the 3000 K W  

facility. The turbine bearing housing and support and the rotating par ts  of 

the turbine were installed and turbine auxiliary systems were checked and 

modified as required. 

facil i ty with the casing welded together. 

established that the casing had not distorted during welding. 

turbine inlet and exit piping was welded into the facility. 

hot trapp*g in the facility followed. 

The turbine was removed and reinstalled in the 

A rotating tes t  to 17, 000 rpm 

Then the 

Hot flushing and 

A torque t a re  tes t  on the turbine 
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resul ted in small amounts of oil and potassium entering the slinger seal  

loop and lube system, respectively. The two affected subsystems were 

opened and cleaned. The facility is ready to  proceed with testing. 

Materials Support 

The U-700 buckets for  both stages of the turbine utilized during 

pretesting with air and s team were examined both metallographically and 

by hardness  survey. The resul ts  of the examination revealed that all but 

three buckets a r e  metallurgically suitable for  fur ther  testing in potassium 

vapor and they a r e  being held in r e se rve  for  endurance testing. The three  

rejected buckets can be replaced by available spares .  

Subsequent to  the leakage of lube oil into the slinger seal  loop, an 

investigation was made to compare the degree of reaction of several  lubricating 

oils with potassium as a function of temperature.  

Oil Company, DTE 797, a mineral  oil, was included and no reason for  

changing to a different oil w a s  found. 

The present oil, Mobil 

Fo recas t  

In Figure I ,  the program schedule, the x u r r e n t  turbine program 

status and future work to be completed is delineated. 

In the fluid dynamics, the predicted performance of the two-stage 

turbine in  te rms  of performance parameters  corrected to design conditions 

w i l l  be completed for  a l l  data points in the tes t  plan. Using the air-water  
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t e s t  data presented herein, analyses of the two-stage turbine sea l  w i l l  be 

ca r r i ed  out in an effort to identify the cause of the lube oil leak. 

In mechanical design the turbine w i l l  be reassembled and run 

without the hydrodynamic seal  being operative in a parallel attempt to 

establish the reason for the oil  leak. 

continue on the second set  of hardware. 

In addition, procurement efforts w i l l  
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11. FLUID DYNAMIC TESTING 

During the las t  quarter  the effor t  was divided between turbine 

potassium performance tes t  preparations and converging-diverging 

nozzle data evaluation. 

Turbine Test  Preparation 

In Table I, the scanning sequence f o r  the digital data handling 

system which permanently records turbine performance data during 

testing and the performance instrumentation i s  presented with all 40 

efflux pressures  along with 49 other instrumentation readings which w i l l  

be recorded during each digital data scan. Figures  2, 3,  and 4 show the 

location of the turbine performance instrumentation. 

readings w i l l  be recorded more  than once during each scan in order  to 

obtain average values of important variables. 

p ressure ,  which periodically measures  Station # I  total p ressure  throughout 

a digital data scan, speed, main electromagnetic flowmeter reading and 

temperature ,  spray electromagnetic flowmeter reading and temperature ,  

t es t  turbine and s ta r te r  turbine torques, and condenser vapor static pressure.  

Several  instrumentation 

These variables a r e  reference 

Condenser liquid level which was previously to be read  several  times 

during a digital data scan in order  to co r rec t  main electromagnetic flowmeter 

reading was deleted because the application of this correction to the converging- 

- 6 -  



diverging oozzle data increased data scat ter .  

liquid level measuring system revealed that the t ime response of this 

instrument is so slow that the digital data scan reads a value that does not 

correspond to the remainder of the data taken. Although deleted from the 

digital data scanning sequence, condenser liquid level w i l l  remain on a 

Sanborn recorder  channel for the purpose of controlling the tes t .  This 

control w i l l  be exercised by specifying that the liquid level be held constant 

for sufficient t ime to allow fo r  the t ime response prior to taking data. 

Investigation of the condenser 

Four important variables to  be used a s  parameters  on plots of 

turbine performance a r e  turbine inlet temperature,  turbine total-to-static 

pressure  ratio,  inlet vapor quality and corrected speed. 

the apparent data scat ter ,  these quantities must be held to close tolerances 

during testing. As a result ,  tolerances have been established for the tes t  

control variables and made p a r t  ot  the tes t  plan. 

In order  to reduce 

The turbine inlet temperature tolerance w i l l  be z 5OF for 1600, 

15500, and 1450°F inlet temperature. In the event this tolerance cannot 

be held fo r  145OoF, which converging-diverging (C-D) nozzle tes t s  in 

potassium indicated, the inlet temperature level w i l l  be increased until 

this tolerance can be held. The inlet temperature wi l l  establish an inlet 

total pressure.  The tolerance on pressure  ratio var ies  f rom z 4. 5 to 5.0 

percent, permitting bounding values of turbine exit p ressure  to be calculated 
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in  the control room. 

established at - 200 rem.  

flowrate, which depends upon turbine vapor flow, electromagnetic flowmeter 

temperatures  and spray liquid temperature  for a given vapor quality, the 

spray  flow w i l l  be determined using a prepared chart  which incorporates 

compensations for these variables. 

The tolerance on turbine rotative speed has been 

Instead of specifying the tolerance on spray t 

The above tolerances were established after giving consideration 

to the readability of the Sanborn recorders  on which the control variables 

w i l l  be recorded, tolerances that could be held for the C-D nozzle tes ts  

and, in the case of speed, the tolerance that could be held in the s team 

pre-tests.  

in the four control variables would have on the value of efficiency. 

observance of the tolerances delineated above w i l l  a s s u r e  minimum data 

scat ter  due to  variables that a r e  to be used as plotting parameters  deviating 

f rom the nominal values. 

In addition, consideration was given to the effect that e r r o r s  

The 

In Table 11, the new tes t  points a r e  presented with tolerances on 

the control variables included. 

o r  increased until. the 

Testing w i l l  begin at 1450°F inlet temperature  

5OF tolerance can be held instead of 1400°F as 

specified in the previous tes t  plan since the boiler was found to  be somewhat 

unstable at 1400°F and 1450'F. 

a reduced number of low-quality points fo r  inlet temperatures  of 1450°F and 

The new tes t  point schedule a lso includes 
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1550°F and no moisture  extraction testing. 

in the t e s t  values of rotative speed such that the following values of percent 

cor rec ted  speed can be obtained: 80, 90, 95, 100, 110, 120. 

Changes have also been made 

During the performaTce testing of the two-stage turbine in potassium, 

data w i l l  be recorded by means of the digital data handling system. 

system records  the 151 required bi ts  of performance data f rom various 

senso r s  throughout the turbine and facility on a punched tape. 

are provided for converting punched tape to digital computer input, namely 

a tape-to-card converter and the GE 225 compliter which produces either 

punched cards  o r  magnetic tape. 

a specially prepared data reduction program. 

This 

Two means 

Data reduction is to be accomplished on 

-- 
1 his data reduction program accomplishes two specific tasks ,  

namely, conversion of r a w  data to engineering units and the calculation of 

var ious performance parameters  defined on page 14. 

posed of 12 subroutines to facilitate program changes brought to light by 

use. 

of potassium and incorporates calibration curves for  the various instruments. 

The program is com- 

It utilizes Battelle Memorial Institute (BMI) thermodynamic properties 

The data reduction procedure includes some time and space averages 

during each digital data scan along with some e r r o r  detection methods to 

insure  reliable data. Turbine inlet total p ressure  and tempera%ure,  inlet 
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total  reference pressure,  turbine rotative speed, water brake torque, 

s t a r t e r  turbine torque, main electromagnetic flowmeter reading and 

temperature ,  spray liquid electromagnetic flowmeter reading and temperature,  

and station 8 static pressure  a r e  reading more  than once during each digital 

data scan and averaged. 

program to reject  erroneous data among various values to be averaged. 

Turbine inlet total average pressure,  average reference total p ressure ,  

and the exit total pressure group average a r e  compared with each individual 

respective group value. If each value is not within - 7. 0 ps i a  of the average 

value, it is rejected and not included in the next averaging process which 

s imilar i ly  rejects values within 2 .  0 psia before a final average is taken. 

F o r  turbine inlet and exit, spray flowmeter, main flowmeter, and injector 

temperatures, a similar averaging process as used for  inlet p ressure  

averages i s  incorporated with 30°F and 10°F l imits on respective 

temperature  values before the final average is taken. 

E r r o r  detection methods a r e  incorporated in the 

t 

In the calculation procedure, Station #1 average total p ressure  i s  

compared with the reference total p ressure  which is read  periodically 

during each digital scan. 

4. 0 psia of the Station #1 average total pressure,  it w i l l  be used to define 

the inlet pressure.  

If the reference pressure  average is withinf 

E the average reference total p ressure  is not within 
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the 4 . 0  psia l imit  then the Station # l  average total pressure is used. 

method will insure the deletion of reference pressure  in the event i t  becomes 

plugged during testing. 

This 

Station # I  quality is determined f rom the inlet throttling calorimeter 

and i s  needed to accurately define turbine inlet conditions before liquid 

injection. 

potassium properties permit Station #1 quality to be determined. 

if the condenser pressure is too high, the calorimeter will not give super- 

heated conditions, as i t  should, because the calorimeter is vented to the 

condenser. 

the C-D nozzle tes t s  in potassium is used. 

method is used to determine Station #1 quality, the calorimeter temperature 

is compared with the saturation temperature corresponding to the calorimeter 

pressure .  

temperature by 5. O O F ,  the inlet quality is calculated and if it is l e s s  than 

5. O O F ,  the inlet quality is established as . 9925, and Station # I  enthalpy is 

calculated using this quality. 

The calorimeter temperature and pressure  and the BMI superheated 

However, 

In this event, an average inlet quality of .9925 obtained from 

In order  to determine which 

If the calorimeter temperature is greater  than the saturation 

Liquid injection ra te  and main flow ra te  a r e  determined f rom the 

manufacturer flowmeter calibration curves which a r e  included in the program. 

The calibration curves yield a gpm/mv value which can be converted to 

PPS since average flowmeter flow temperature,  which defines liquid 
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density, and average flowmeter millivolt readings a r e  known. 

Since main and liquid injection flow, and liquid injection temper-  

a ture  a r e  known, the turbine inlet enthalpy is  found f rom a heat balance. 

(Symbols a r e  listed in the Appendix .$I) .. 

hm3 - - Wvlh l  + W12h12 

w12 + wvl  

The turbine inlet quality is then found using BMI potassium properties 

a s  follows: 

“f g l  

The turbine specific work is calculated from the averaging torque 

1 
8 
1 
1 
Q 
I 
I 
3 

reading plus the taretnxque which i s  available in the program in the form of a 

table a s  a function of turbine speed. The turbine work is found a s  follows: 

I - -  
(3 )  - - 2n N T * hact (7 20)  W t J  

where average output torque and turbine flow a r e  defined as 
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The ideal enthalpy drop, needed for turbine efficiency, is determined 

f r o m  BMI "wet" properties.  The efficiency, either total to total or  total 

to static,  is based on total turbine flow and is calculated a s  follows: 

- - k c t  

ideal 

The pragram then procedes to calculate corrected parameters ,  namely 

f low,  sp-ed, specific work, and power referenced to design inlet conditions 

of 1600°F, 92 percent quality arxd 19,200 rpm. 

The cor rer ted  parameters a r e  utilized for potass 

based on dynamic similarity. It i s  assumed for dynamic 

the velocity diagrams normalized by the cr i t ical  velocity 

urn- vapor and 

similari ty that 

of sou:izd based on 

turbine inlet conditions correctly accounts for Mach niimber effect os lcrsses 

and flow. The cr i t ical  velocity of sound for a non-perfect gas is given by 

F o r  a perfect gas  equation (7) becomes: 

The substitution of equation (7) f o r  equation (8) in Heaton et  al* resul ts  in 

the following corrected parameters:  

Weaton, Thsrnas R. ; Slivka, William R. I and vtestra, Leonard F. : Cold-Air 
Ir)_-,--stigatiQn of a Turbine with Nontwisted Rotor Blades Suitable for Air  Coo!izg. 
NACA RA4 E52A25, 1952. 
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F l u  w p a r  a.m e t e r : 

w C  

Speed parameter: 

C 
N r3 

1 1 2  

actual 
112 
reference 

Specific work parameter:  

L J 

Horsepower parameter:  

HP, = 1.415 AhcWc 

Kilowatt parameter: 

KWc = l .0555AhcWc 

(9 )  

Vatlces of polytropic exponent used in the corrected parameters  

were determined f r o m  the converging-diverging nozzle tes t s  in potassium. 

Although no consistent correlation could be made with the experlmeatal 

and BMI saturated polytropic exponents, a definite decreasing trend i3 

polytropic exponent with vapor quality w a s  noted. Using an average t recd,  
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the inlet to  throat average polytropic exponent for an inlet vapor quality, 

X, is  found from equation (14) using a BMI saturated vapor polytropic 

exponent, 'J , based on inlet total temperature.  
S 

y = Y - 1.13 (1-X) (14) S 

The value -1.13 w a s  found from the converging-diverging nozzle potassium 

t e s t  data. 

The program continues by  calculating individual stage hub and 

t i p  values of reaction and stage work split. 

exit total and static conditions a r e  known (quality and enthalpy found f rom 

stat ic  and total p ressures)  and assuming a straight expansion line f rom inlet 

Since the turbine inlet and 

static and inlet total to  exit static and exit total conditions respectively, the 

various interstage s ta t ic  enthalpies and qualities at hub and t i p  can be 

determined using geometric relationships and the static pressure  values. 

The reaction at: the hub of each stage is obtained from: 

ht5 * hh 
and the specific work for  each stage is: 
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h order to obtain predicted performance for  the two-stage potassium 

t e s t  turbine, an available combustion gas -turbine off -de sign computer 

program is being utilized. 

incorporate reversion from supersaturated flow to equilibrium flow af ter  

each stage. 

performacce w i l l  be obtaiced for all tes t  conditions in the t e s t  plan. 

resu l t s  of this program a r e  used as input for  two other digital computer 

programs to  obtain predicted values of torque, flow, efficiency, and the 

corrected parameters.  

This program w a s  modified slightly so as to  

Through the use cf this program estimated tnrbine off-design 

The. 

1.1 the f i r s t  programp turbine torque output and flow a r e  determined. 

Turbine work is corrected for droplet drag losses  which a r e  d e t e r m h e d  

b y  assuming that the moistilre ecterilzg the stage must  be accelerated tc 

wheel speed upcn entering the rotor.  The calculation procedure used to  

determine droplet drag losses  and turbine output torque a r e  a s  follows: 

U 

The second program is used to  calcul.ate efficiency corrected 

fo r  droplet drag and tbe corrected parameters  mentioned above. These 

parameters  a r e  obtainedfrom equatioEs 9, 10, 11, 12 ,  ar_d 13 a r d  constiture 
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correction to  design inlet conditions, namely, 1600°F and 92 percent 

vapor quality. 

mined by this program. 

The velocity ratio based on wet properties is also deter-  

Converging-Diverging Nozzle Data Evaluation 

During the past quarter,  evaluation of the converging-diverging 

ytropic exponent, 

revised. The 

(C-D) nozzle data has continued. The average values of PO 

n, reported in the February 8 Quarterly Report have been 

values of n reported therein were calculated from 

n 

and required the use of the measured throat position to determine the 

throat  pressure  ratio f rom the pressure readings at taps on both sides of 

the throat  (taps 12  and 13) .  

a s  much as 9. 5 percent greater  than the theoretical  superheated value of 

the polytropic exponent a t  the saturation conditions, * an  improvement in 

n was sought by improving the estimate of the throat cr i t ical  p ressure  ratio 

f r o m  the experimental values of pressure  rat io  at the adjacent taps  upstream 

and downstream of the throat. 

Since the previously reported values of n were 

The procedure for  finding the cr i t ical  p ressure  rat io  was to  deter-  

mine the following parameter s: 

* Appendix Quarterly Number 10 - NAS 5-1143, November 8, 1963 
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1 
1 

(where Ps and Pt a r e  static and total p re s su res  f rom taps 1 2 ,  1 3  and the 

throat)  by iteration from supersaturated* properties of potassium vapor 

for  temperatures of 1450, 1500, and 158O0F. The resul ts  a r e  shown below. 

Temperature,  OF 

1 4 5 0  

C - 
. 7 3 3  

1500 . 7 3 2 5  

1580 . 7 3 1  

Aver age . 7 3 2  

Since the variation of C with temperature  was slight, the average value 

w a s  used and the cri t ical  p ressure  ratio was found f rom the following 

1 using the experimental values of pressure  rat io  for  the taps 1 2  and 1 3 .  

I The experimental values of polytropic expoDent calculated by the 

'g The supersaturated properties of potassium vapor were calculated from 
equations of the Appendix of Quarterly Report Number 10  - NAS 5 - 1 1 4 3 ,  
November 8, 1963, using pressures  higher than the saturated value. 
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above procedure, a r e  plotted against inlet quality in Figure 5. 

has  the same general  trend as that previously reported. 

values of exponent found by extrapolating straight lines through the data 

The data 

However, the 

to the saturated vapor line are now 7.9, 4 . 3  and 3.4 percent greater than 

the theoretical saturated value a t  the temperatures of 1450, 1500 and 1580°F, 

respectively, compared to the 9. 5, 8 .  0 and 5.0 percent values previously 

reported.  Therefore, the data is seen to be somewhat improved, but the 

marked  decrease in exponent with decrease i-r quality is  still unexplainable. 

In order  to verify the potassium vapor m a s s  flow as experimentally 

measured by the electromagnetic flowmeter s, the nozzle cr i t ical  mass  

flow was calculated by substituting the average polytropic exponent deter - 
mined above into: 

-- 1 1 2  n- 1 

Although flows with quality values l e s s  than unity a r e  being dealt 

with, vt has been shown to be the dry  vapor specific volume rather  than 

the wet value by comparisons with steam data on the same C-D nozzle. 

The vapor specific volume, v is calculated f rom the measured t' 

inlet total p ressure  and temperature substituted in the vir ia l  equation of 
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state. 

and liquid) is found by dividing the vapor flow by the inlet vapor quality. 

Equation (24) resul ts  in vapor flow only. The total flow (vapor 

The inlet quality is determined as follows: 

In Figure 6, the cri t ical  mass  flow calculated f rom Equation (24) 

is plotted against inlet total p ressure  for  the following values of nominal 

inlet vapor quality: 99, 95, 90 and 85 percent. 

hi Figure 7 i s  presented the total nozzle flow obtained f rom the 

sum of the main and spray electromagnetic flowmeters a s  a function of 

inlet total pressure.  Shown in Figure 8 a r e  lines representing the data 

of F igures  6 and 7 for  each value of nominal quality. In general, the 

curves indicate that the electromagnetic flowmeter values a r e  within 

approximately 3. 9 percent of the C-D nozzle cr i t ical  flow at low pressure  

(low vapor temperature)  and high initial quality and within approximately 

1 . 6  percent at high pressure  (high vapor temperatures)  and high initial 

quality. F o r  the lower initial qualities, the difference between EM flow- 

me te r  flow and C-D nozzle cri t ical  flow increases  for the low pressures  

and is  as much a s  16 percent fo r  one case,  but is generally only about 11 

percent. 

remains a t  below 1. 5 percent. 

F o r  the high pressure  data a t  the lower qualities, the difference 

- 2 0 -  _ _  



1 
1 
I 
8 
8 
I 
1 
I 
1 
I 
1 
I 
I 
8 
I 
1 
8 
8 
8 

The polytropic exponent data presented above deals exclusively with 

the average polytropic exponent f rom the inlet to  the throat. Of interest  in 

turbine design and data evaluation is the variation of the polytropic exponent 

along the length of the nozzle. In the C-D nozzle tes t ,  the polytropic 

exponents a r e  obtained from the continuity equation which can be written 

F o r  the case of the pressure  ratio between inlet and the throat (the cr i t ical  

p ressure  ratio when the maximum flow passes through the C-D nozzle) the 

following is true: 

n 

(27)  

When equation (27) is substituted into equation (26) ,  the following resul ts  

J 

Equation (27) w a s  used to determine the values of polytropic exponent 

reported previously. The right hand side of equation (28)  can be evaluated 

using the value of pol9ropic  exponent found from equation (27)  and using 

the experimental pressure ratio. The combining of equation (26)  with (28) 
I 

r e su l t s  in the following: 
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n t l  1 / 2  
n-1 
- 

f- 

n 
2 - I- ‘ n  

A)% In- 1 lk) -(a = A*rn(&) (29) 
L -. 

where is to  be obtained and n is the value coming f rom equation (27). Shown 

in Table I11 a re  both A f o r  all taps and A’g which were determined experimentally 

in a i r .  P /P is known experimentally fo r  each p res su re  t a p  for a given 

se t  C-D nozzle potassium tes t  condition. Using iteration, the average 

polytropic exponent between inlet and any tap may be determined f r o m  

equation (29). 

B 
8 

s t  

Shown in Figure 9 is  the variation of average inlet to throat polytropic 

exponent f rom inlet to the several  taps as a function of the measured 8 
8 
t 

pres su re  r a t io .  

the nominal condition where the least  scat ter  w a s  obtained. 

These data a r e  for a nominal inlet temperature  of 1580°F, 

F o r  clari ty,  

the number of the t a p  f rom which the data w a s  obtained i s  shown. The low- 

1 numbered taps a r e  upstream of the throat and the high numbered values 

a r e  downstream of the throat. The throat is between taps 1 2  and 13. The 

procedure breaks down for t a p  numbers lower than 10  because of random 

scat ter .  Reference to Figure 9a, which is for nominal vapor quality of 

8 
I 

99 percent, indicates a slight increase in polytropic exponent a s  the flow 

proceeds through the nozzle. Certainly there  is  nothing to indicate reversion I 
8 until t a p  15 (downstream of the throat)  i s  reached at which t ime the pressure 

-22-  

-~ 



r i s e s  and the polytropic exponent decreases .  However, the behavior of 

p re s su re  rat io  and polytropic exponent downstream of t a p  14 i s  s imilar  

to that to be expected i f  reversion occurred. 

Shown in Figure 9b is  data for  a nominal vapor quality of 85 percent. 

In contrast  to the high-quality data (Figure 9a)  for the low quality data, a 

reduction in polytropic expDnent is  indicated f rom t a p  10  on. However, 

the same a5rupt change in exponent is exhibited after t a p  15, a s  is the 

case  for  the high-quality data. 

the low quality data in the region of taps 10  and I 1  is  that partial  revers ion 

A pr>ssible explanation of the behavior of 

i s  taking place. 

To facilitate further evaluation of the 187 runs on the converging- 

diverging nozzle, the data (approximately 16 runs)  for each nominal 

condition was averaged. The results a r e  shown in Table IV. Shown also 

is  the probable e r r o r  computed as  follows: 

I L L L - I Y 1  + Y2 + " '  + y z  P.E. = 0.6745 

No measurements exceeded 5 times P. E., therefore,  all measurements were 

retained in the averages. 

Reference to the table indicates that for the temperatures  and 

flowrates the probable e r r o r  rarely exceeded 1 percent. 

for the pressure  measurements were la rger  than fo r  the temperatures  and 

flowrates. 

The maximum e r r o r s  
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111. MECHANICAL DESIGN AND TESTING 

The major effort during this quarter ly  reporting period involved 

preparation and installation of the turbine into the potassium tes t  facility, 

and checking mechanical performance of the assembled tes t  r ig .  

loss  tes t s  were run on the turbine in the tes t  facility, and additional testing 

of the labyrinth sea l  was performed on the plexiglass model of the turbine 

hydrodynamic seal  in the hydraulics laboratory. 

T a r e  

Pre-Potassium Tes t  Turbine Check-Out 
-~ _ _  - 

As indicated in the February  8 Quarterly P rogres s  Report, the 

turbine w a s  installed in the potassium facility for dynamic check-out. 

casing and inlet duct were not welded on during this running, but instead, 

the turbine was run to speed on the steam s t a r t e r  turbine to check out facility- 

The 

instrumentation and control equipment, and system dynamics with other 

facility equipment running. The installation is shown in Figure 10 and 11 

In Figure 11, the turbine can be seen in the glove box. 

The turbine-dynamometer system had several  modifications made 

The water flow-line connnections to the water brake for this installation. 

were modified to use flexible hoses to eliminate any w a t e r  leaks. 

the a i r -mis t  lubrication system on the brake bearings w a s  replaced with a 

liquid lube system to elimiaate the presence of oil mis t  in the test-cell  

Also, 
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atmosphere.  

prevent oil leakage. 

durmg check-out testing. 

Sfraft seals  were added to 3cth ends of the brake rotor to 

All  modificatioxis to the brake worked satisfactorily 

Checks were made of the Berkley speed readout, Sanborn recorders ,  

multipoint recorder ,  vibratior- readout instrumentatioa, and sensitivity 

and response of control valves. Linearit;- and operzbility of the t c rque  

mete r s  a i d  adequacy of the torque measuring system were checked. 

operating temperatures ,  vibrations, and flow requirements for this installation 

weL'e observed. 

potassium test  facility (Building 318). 

speed increments,  to 13, 500 rpm. Beyood this speed, the steam turbine 

could no longer accelerate  the system because of high bucket windage pcwer 

consumption in the potassinm t'irbixe. 

instrumentation fnrctioned without any ser ioxs faults. 

Bearing 

This was the f i rs t  assembly of the turbine tes t  r i g  in the 

The turbine w a s  driven, in small  

Ln gerera l ,  211 test equipment and 

AftPr completicrn of the check-out running, the turbine was removed 

f r o m  the facility for fizal  assembly. 

seal in the forwarr! beizrhg housing bad r u b b x l .  

that the labyrinth seal had been machined undersized. 

the proper c leararc?,  and the turbine was reassembled. 

An inspection showed that the labyrinth 

A dimensi.ana1 check revealed 

It was remachined to 

- Component Fabrication 

A s  stated in the previous quarterly,  it was decider?. to incorporate 
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welded flanges on the turbine casing. 

It was further decided to replace all brazed instrumentation joints 

with welded joints. 

experiments,  it w a s  decided to place the sheathed, end-welded thermocouples 

F r o m  experience gained in heat transfer boiling 

in wells rather than exposing them directly to alkali  metal .  

couple w e l l s  used werel /8  inch tubing and can be seen installed in the outlet 

guide vane and i ts  casing in Figure 1 2 .  Shown in Figures  1.3and 14  is the 

casing af ter  completion of welding and leak-checking of the pressure  

instrumentation. 

The thermo- 

Shown in Figure 15is the inlet duct (bullet nose) after the flange 

blanks were welded in place. 

the machining of the B flanges and installation of new instrumentation tubing. 

On all instrumentation for the casing and inlet duct, complete helium m a s s  

spectrometer  leak checking w a s  car r ied  out. 

Shown in Figure 16 is the same piece af ter  

Experimental  Casing 

Before proceeding with the assembly of the turbine by welding an 

experimental casing was welded. The original bolted casing was used for 

the experiment, which helped to establish the welding sequence so  that the 

actual turbine could be welded with minimum and uniform distortion. 

The scroll  and the inlet duct were simulated, using low carbon 
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steel  discs  2. 5 inches thick machined with the required rabbet and joints 

designed for welding. 

The components were held together with "C" clamps and internal 

diameter measurements were taken during the welding of the experimental 

c;3 sing to  determice the movement resulting f rom welding. 

of these measuremerits a r e  shown in Figure 17. 

The locations 

The welding sequence is shown in Figure 1 8  and the icside diameter 

measErements of the experimental casing before, during, and after welding 

a r e  shown in Table V, 

except at the horizcmtal flanges. After welding, the maximum diameteral  

increase  w a s  0.009 inches and the largest  decreasewas 0.005 inches. The 

chr_n_nes e in dimensior~s fioiii Welding were within acceptable l imits  compat- 

ible with turbine sea l  running clearances. 

The internal diameters  increased during welding 

Welded Turbize Casing 

The actual turbine casing was  fabricated using the same assembly, 

ta cking, and -+;.elding sequence developed on the experimental casing. The 

t u r b h e  w a s  pQsitione3 with its axis vertical. The casing halves were fitted 

together on the scro l l  rabbet and the inlet duct placed on top of the casing. 

The horizor-tal flanges were clamped together and the casing clamped to 

the scrol l  and the i d e t  duct. 
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The welded joint grooves were covered with glass  tape to retain 

The argon backup gas w a s  fed the argon gas  backing of the weld joints. 

under the glass t a p e  through a small  diameter stainless s teel  tube. 

tape w a s  removed locally as tacking and welding progressed. 

The 

The assembly w a s  tack-welded in the vertical  position after which 

the clamps were removed. 

horizontal to permit welding in the flat position. 

a s  required during welding. 

inspect the welded joints, the welding w a s  done by an  experienced welder, 

using procedures that a r e  known to produce the highest possible weld quality. 

During welding, the turbine shaft was manually rotated with no indication 

of rubbing between the buckets and the rub seals .  Shown in Figure 19 is 

a photograph of the turbine after assembly. 

The turbine w a s  then placed with the axis 

The turbine w a s  rotated 

Although it was not possible to  nondestructively 

Installation of Potassium Drain Manifold 

A drain manifold w a s  installed at the r e a r  of the bearing housing 

to collect potassium from six drain lines. 

in shape to form a yoke around the housing with a drain line coming off at 

its mid-point. The tubes emerging f rom the bearing housing were bent to 

the required positions to meet  the manifold and sections of tubes added, 

where necessary.  The connections were made in the required order  to 

accomplish the welding. 

The manifold was semi-circular 

No difficulties were encountered with the assembly. 

.- 2.8 ,- 
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Leak Checking of the Turbine and Manifold 

To insure that the turbine and manifold assembly was leak-tight, 

the turbine w a s  pressurized with helium and checked for gas leaks,  using 

a sniffer probe on a helium mass spectrometer.  All inlet and exit entr ies  

on the turbine were sealed. The rear sea l  o ~ i  the turbine shaft w a s  tightened. 

The turbine was pressurized with helium to about 15 psi and all weld joints 

were checked with the spectrometer sniffer. 

A leak w a s  detected a t  the weld joint between a potassium drain line 

and the bearing housing. 

checked again. 

turbine. 

The leak was welded closed and the lines carefully 

No leaks were detected in any of the weld joints on the 

initial Turbine Run-Up 

The turbine assembly was clamped in position in the 3000 KW facility, 

but instead of welding the turbine into the facility, it w a s  closed with back- 

off plates and clamps. 

torque meters  were assembled to the turbine. 

potassium sealant loop, the turbine w a s  run to 16, 000 rpm. 

tes t ,  air instead of argon was used in the labyrinth seal. 

s t ra ted  that no rubs were being encountered between mating p a r t s  and that 

the torque meters ,  s t a r t e r  turbine and main lube supply system were functioning 

completely satisfactorily. 

The water brake, s t a r t e r  turbine and s t ra in  gage 

Then, without attaching the 

During this 

This tes t  demon- 

In addition, the water brake which had been modified 
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to incorporate liquid-jet ra ther  than oil-mist  lubricant worked very well. 

Welding of the Turbine into the Facil i ty 

Following the initial run-up, the turbine was connected to the facility. 

The turbine was aligned in position with the 8 inch inlet pipe so that the 

flanges to be welded together were parallel within . 002  inches. The 10 

inch discharge line into the condenser w a s  aligned with the turbine exhaust 

sc ro l l  and flanges were clamped together. 

line, a very accurate alignment of the welding flanges w a s  not required. 

The 8 inch liquid metal spray nozzle section and pipe flange were inserted 

and clamped in position. 

Due to the flexible joint in this 

The 8 inch flange w a s  welded to the inlet line 

f rom the boiler. The joint between the turbine scrol l  and condenser line 

w a s  welded next. 

plug in the inlet 8 inch pipe removed. 

in position and welded to the 8 inch pipe flange. 

was welded to the turbine inlet duct. 

The spray nozzle section w a s  removed and the argon gas 

The spray nozzle section was placed 

Then the nozzle section 

All flange welds were made with two passes  that produced weld 

joints of adequate c ros s  section. 

distortion and s t r e s s  on the turbine casing and scroll .  

not X-ray inspected because the mating flange faces  would obscure the 

weld joint on the film. 

The joints were not filled to minimize 

The welds were 
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Finally, the 1 inch liquid metal  injector line to the spray nozzle 

w a s  installed and the potassium slinger seal  drain line f rom the manifold 

w a s  connected to the facility. 

found to  meet the welding specifications. 

installation welding, the turbine loading and the start-up equipment was 

as sembled, maintaining an adequate axial clearance for the splined coupling 

(. 060 inch to  .090 inch) and at the s t a r t e r  turbine shaft and Bytrex torque- 

meter  of about .060 inch. 

These joints were X-ray inspected and 

After the completion of the 

The concentricity of the tes t  r i g  equipment with the turbine shaft 

was checked at each component mounting flange. 

out w a s  l e s s  than one mil  (. 001) per one foot of the tes t  r i g  length. 

The maximum total run- 

Shown in Figures  LO and 21 a r e  photographs of the turbine after 

being welded into the 3000 KW facility and thermal  insulation applied. 

Efflux system demister capsules and efflux l ines a r e  clearly visible in 

these figures. Lube and argon lines a r e  visible in Figure 21. 

F ina l  Tes t  Preparations 

During the t ime the turbine was being welded into t he facility, the 

water brake was fitted with new lube oil sea ls  and bearings. This equipment 

w a s  then reinstalled on the turbine. 

A special t es t  was made of the s t a r t e r  turbine in the Hydraulics 



Laboratory, This turbine was run at low speed with varying lube oil  flow. 

The t e s t  confirmed that the turbine internal labyrinth seal  and external 

gar te r  type shaft seal  were sound and leak tight. This turbine was then 

installed on the potassium turbine shaft. 

During the installation of the water brake and starter turbine all 

stack-up dimensions were measured and recorded. 

Shown in Figures  2 2  and 23 i s  the turbine fully installed in the tes t  

facility. 

Turbine Ta re  Loss Test  

Upon completion of the tes t  r ig installation, a mechanical check-out 

run w a s  made. The turbine was driven by the steam s ta r te r  turbine while 

all turbine bearings had a normal lube oil flow. 

w a s  sealed off and argon was admitted to the turbine labyrinth seal, to 

The main potassium loop 

prevent the lube oil leakage into the potassium seal  cavity. 

The lube oil pressure,  temperature  and the flow readings indicated 

that all tes t  rig components were functioning well. 

temperature  and the lube oil temperatures a r e  shown on Figure 24. 

The turbine pad bearing 

Before proceeding with the potassium performance testing, it was 

The main turbine was driven decided to make the turbinetare  loss tes t .  
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during this tes t  by the steam star ter  turbine, and all bearings lubrication 

system and seal  argon loop were s tar ted a s  for normal turbine start-up 

procedure, described in the turbine tes t  plan. 

At about 7000 rpm, the liquid potassium w a s  admitted to the rotating 

sea l  to establish a hydrodynamic seal between the seal  argon cavity and 

the turbine exhaust. 

and turbine housing and exhaust duct were pressurized with argon at 20 

psia .  

to a b u t  6 psia. 

The main potassium loop w a s  sealed off for this t e s t  

The main loop argon pressure w a s  gradually reduced during the tes t  

The readings of the s tar ter  turbine torque, bearings temperature  

and the hydrodynamic seal  flow and temperature were taken at severa l  

argon pressure ieveis in the turbine main loop. 

The t a r e  loss  torque readings of this tes t  a r e  shown in Figure 25. 

During the t a r e  torque tes t  the steam turbine torquemeter w a s  reading the 

sum of following torque- values: 

a)  

b )  

c )  

d)  

The potassium turbine bearings and seals  

The potassium turbine rotor windage 

The water brake bearings and seals  

The water brake rotor windage 

The turbine t a r e  torque due to the high main loop pressure  is shown to 
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increase about 12 p r c e n t  for a 100  percent change in the main loop pressure ,  

indicating very little of the t a r e  loss i s  due to the test turbine blade and 

di s c windage. 

Shown in Figure 26 i s  the comparison of the experimental and 

theoretical  power consumption of the hydrodynamic seal  when using 

potassium as the sealant. The power loss  was determined from the 

temperature  r ise  and the liquid potassium flowrate through the seal. 

Reference to  Figure 26 indicates a close agreement between the calculated 

and the tes t  results,  especially at the higher values of rotative speeds 

shown. 

housing to the sealing fluid is a t  a lower ra te  due to  the lower temperature 

difference. 

At these high speeds the heat t ransfer  f rom the heated bearing 

The two-stage turbine, water brake and the s t a r t e r  turbine bearing 

temperatures  were also recorded during the test .  

were within the expected range and there were  no significant deviations in 

the tes t  r i g  bearing performance character is t ics  f rom those previously 

reported.  The turbine pad bearing temperature  readings a r e  shown on 

Figure  27 and the sea l  argon inlet temperature on Figure 28. 

All bearing temperatures  

The turbine tes t  facility was shutdown after the completion of 

this test. 
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Seal  Malfunction 

Several attempts were made to r e s t a r t  the potassium tes t  facility 

for the turbine performance testing in potassium vapor, but without success. 

The E M  pxmp in the potassium hydrodynamic seal loop could not be started.  

It was la ter  discovered that lube oil had leaked into the liquid potassium of 

the seal  loop and reacted with it forming a black residue that blocked the 

E M  pump. Also, a certain amount of the potassium w a s  found in the lube 

oil system, which rendered the lube oil pumps inoperative. 

complication i s  believed to have occurred during the attempt to  r e - s t a r t  

the facility for  potassium testing. 

The latter 

Due to the difficulties, the t e s t  facility 

was shutdown for inspection and repair. 

Shown in Figure 29  i s  the assembly drawing of the two-stage turbine 

with i tems germane to the discussion of the seal  malfunction designated. 

Since the bearing housing flange a s  well a s  the turbine casing flanges, were 

welded, inspection had to be made by removal of the aft ball-thrust bearing. 

This permitted removal of the pivoted-pad bearing and the oil slinger but 

not the shaft nor the hydrodynamic seal. 

solidified potassium in the pad bearing cavities which apparently caused 

some damage to the bearing surface, requiring replating. 

Inspection revealed particles of 

There a r e  two possible means for the lube oil to enter the potassium 
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seal  loop, namely, along the shaft past the "0" ring sea l  between the oil 

slinger and the oil labyrinth and theoi l  and potassium labyrinth seals .  

In order  to determine whether oil could have passed through the labyrinth 

seals  a t  some operating condition, a tes t  program on the model of the 

turbine seal  w a s  initiated in the hydraulics laboratory. 

t e s t s  is described in the next section. 

of oil along the shaft, a new nickel-plated stainless s teel  sealing ring was 

designed and fabricated for installation in the region of the "0" ring seal,  

shown on Figure 32, marked (A). 

assembly is shown on Figure 29.  

fications to the adjacent parts,  a s  shown on Figure 30. 

This s e r i e s  of 

In order  to prevent the leakage 

The location of the ring on the turbine 

This sealing ring required minor modi- 

After the facility was cleaned and repaired,  the turbine w a s  

reassembled incorporating the seal  ring modifications. At the end of 

the quarter ,  preparations were being made to run the turbine without 

establishing the hydrodynamic seal ,  The purpose of this tes t  is to es ta-  

blish whether the leakage still occurs with the improved ring seal.  If no 

leakage occurs,  the possibility of oil leaking through the labyrinth can be 

excluded. 

Hydrodynamic Seal Tes t  

As stated above tes t s  of the model of the two-stage turbine seal  

were scheduled in the hydraulics laboratory to establish, whether at some 
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operating condition oil could have leaked across  the oil and potassium 

labyrinth seals  and thus gotten into the potassium seal  loop. The t e s t  

set-up is shown in Figure 

In the sketch the pressures  read  a r e  designed by a letter and numerals.  

The clearances of the screw and labyrinth sea ls  and the s izes  and number 

of the various pipes leading to and from sea l  cavities were the same as for 

the actual hardware with two exceptions. 

(from P4 to P 5 )  w a s  xtilized as a pressure  lead and the close-gap seal  

near  P 6  w a s  similated by openings in a cap having approximately 80 percent 

of the cor rec t  area.  

P 5 ,  P6, and P8 were atmospheric pressure  throughout the t e s t s  unless 

sealed off, 

both air and water were removed through the argon-potassium outlet. i x m i f d d  

f o r  these tes ts .  

31 and a sketch of the seal is shown in Figure 32. 

One of four of the oil re turn pipes 

Air was introduced under pressure  at P 7  while P1, 

Water was introduced at the potassium inlet for s0rr.e tes t s  and 

Shown in TableVIis a summary of the air -water  tes t s  on the seal. 

The ports that were closed for  a specific tes t ,  the water flow rate  and shaft 

speed a r e  tabulated, 

p re s su re  drop along a single flow path for each test. 

which the pressure  drop was measured i s  also tabulated in Table VIalong 

with the figure in which the t e s t  resul ts  a r e  given. (Figures 33, 34, 35, 36, 

37,  and 38). 

The objective of the tes t s  w a s  to  measure the flow and 

The resis tance ac ross  
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Present  plans call for  utilizing the tes t  data presented above in an 

analysis of the two-stage turbine seal  both with and without the hydrodynamic 

sea l  operative. 

slight a r e a  differences, temperature  levels, and different fluids. 

In this analysis appropriate corrections w i l l  be made for  

Back-up Turbine Hardware for Potassium Testing 

Of the several  turbine components which have been ordered a s  

replacement parts for the second and third turbine build-up, the status is 

a s  follows: 

Component Anticipated 
Delivery Date 

Turbine Shaft 

Bearing Sleeve 

Jam Nut Revision 3 

Jam Nut 

Shaft Lock Nut 

Tie Bolt 

Hydrodynamic Seal 

Water Brake Shaft 

Steam Turbine Shaft 

Bearing Housing 

7-13-64 

7-13-64 

7-13-64 

7 - 13-64 

7-13-64 

a vai la b 1 e 

7-31-64 

available 

available 

out for  manu- 
factur ing quote s 

Turbine 
Build-Up Set No. 

3rd se t  

3rd set  

3rd set  

3rd set  

3rd set  

3rd set  

3rd set  

3rd se t  

3rd se t  

modified 
design 

The turbine disks o rde r s  as p a r t  of the previously procurred 

- 3'8 - 



"second se t  of hardware" par ts  were delivered on May 27, 1964. 

were the longest delivery i tems in the second se t  of hardware. 

These 

In addition to the above components procurred as pa r t  otthe 

formal  turbine baild-up, a number of specialized components a r e  being 

manufactured as necessary to solve the previously discussed oil leakage 

problems (Chevron seals,  bellville springs,  etc. ). 

-39- 



IV. 3000 KW FACILITY 

Turbine Test  Preparations 

During the ear ly  p a r t  of this quar te r ,  a General Electr ic  Company 

sub-contractor completed all modifications and additions to the 3000 KW 

facility that a r e  necessary for  potassium turbine testing. As in the past, 

all new welds in liquid me.tal.piping have been radiographed and helium 

m a s s  spectrometer leak checked. Repairs were made where necessary.  

Particularly, the potassium turbine slinger sea l  loop was modified 

to circulate liquid potassium instead of NaK. 

f rom NaK to  potassium in the turbine slinger seal  resulted from observations 

made during pretest of the same seal. 

sea l  fluid. 

s ea l  cavity into what would be the potassium tes t  facility. 

that Na  f rom the NaK would dilute the potassium in the main loop, during 

long t ime operation, to the extent that thermodynamic properties of the 

potassium would be significantly altered.  

influenced the switch to potassium w a s  the greater  capacity of potassium 

to absorb oxygen contamination without causing plugging of the system. 

A third consideration is that make-up potassium for  the slinger seal  loop 

i s  easily obtainable f rom the main loop during operation of the facility. 

Some piping w a s  rearranged, and heating elements and thermal  insulation 

One reason for the change 

At the t ime water was used as the 

Water drops were observed to sporadically flow f rom the slinger 

It is believed 

A second consideration which 
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was applied to the slinger seal  loop to accomodate the potassium. 

39 shows the lower portion of the completed slinger seal  loop. 

elements and thermocouples were checked for operation and calibration. 

Figure 

All heating 

Lubrication systems for  the potassium turbine, steam turbine, 

and water brake were completely installed and checked for proper flow- 

pressure  characterist ics.  Basically, the potassium turbine lube system 

can deliver 6 gpm a t  200 psig. Normal requirement i s  3. 3 gpm at 8 0  psig. 

Oil flowrate to each turbine bearing is monitored and controlled separately. 

Flowrate measuring instrumentation was calibrated and was found to compare 

with the calibration flowmeter within 2 1 /2 percent. 

and receiver  gages for the potassium turbine lube system were calibrated. 

Thermocouples were installed, and thermocouple readout instrumentation 

w a s  calibrated. Figure 40 shows the potassium turbine lube system com- 

pletely installed. 

All p ressure  t ransmi t te rs  

The lube system for the steam s t a r t e r  turbine and water Srake 

was also checked for proper operation. 

delivering 2 gpm a t  80 psig. 

psig. Although the steam turbine lube system is not a s  elaborate a s  the 

pDtassium turbine lube system, oil flowrate to each bearing can be con- 

trolled and measured independently. 

measured. 

This system is capable of 

Normal requirements are 0.9 gpm at 50 

Oil pressure  to each bearing is 

Oil temperature to and from each bearing i s  measured. This 



lube system is shown in Figure 41. 

All facility control instrumentation had been installed and appropriately 

calibrated early this quarter .  

exclusive of the Sanborn recorders  which a r e  a lso in the Control Room. 

The digital recorder  is  in a building next door to the tes t  facility. 

Figures  4 2  and 4 3  show the control panels 

The 8 . 0  inch vapor shut-off valve which had been disassembled for 

r epa i r s  due to galling of the valve stem w a s  completely rebuilt and checked 

for  non-leakage and operation. Stellite inser t s  were applied to the a r e a  

where galling had occurred. A new, slightly shor te r ,  s tem bellows w a s  

installed in the rebuilt valve. The bellows assembly w a s  leak checked 

by the manufacturer and also by G. E. upon completion of assembly in 

the facility. 

The argon reclamation system was checked for  proper compressor  

operation and control valve action. 

separation was required. Therefore,  two additional Type 1 3 X  Linde 

Molecular sieves were installed in the argon reclamation system. 

sequent running of the system has shown that oil vapor has been kept below 

5 ppm.  

system which has  a calibrated sensitivity of 5 ppm. 

on the discharge of the argon compressor  (also the inlet to the tes t  turbine). 

It w a s  found that additional oil vapor 

Sub- 

An oil vapor detector has  been installed in the argon reclamation 

The detector is installed 
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The detector is an  American Instrument Company unit, Catalogue No. 47-16015. 

During operation of the test  turbine, an argon flowrate of 45 to 90 

lb /hr  has  generally been circulated through the oil side of the tes t  turbine 

labyrinth seal. 

the turbine, 

the argon-oil mixture through a number of demister type separators  which 

removes most of the oil mist. 

by cooling the argon-oil mis t  to below O ° F  by flowing it through a liquid 

nitrogen cooled vapor t r a p .  However, minute quantities of oil does get 

blown through the nitrogen cooled trap. A molecular sieve w a s  installed 

to absorb this ca r ry  over of oil mist. The molecular sieves contain about 

5 pounds of absorbent, and the absorbent can retain in the order  of 1 lb of 

oil before the concentration of oil in the discharge argon becomes excessive. 

The present estimate is that the molecular sieves w i l l  be changed every 

100 hours of operation. 

This argon is laden with oil vapor and/or mis t  as it leaves 

Separation of oil from the argon is accomplished by passing 

Essentially all oil mist  is finally removed 

During this reporting period, the turbine and all rotating equipment 

was completely assembled f o r  testing with potassium vapor. 

and 2 3  show the turbine assembly essentially ready to  run. 

and 21 show the turbine fully installed in the glove box with thermal  

insulation applied. 

l ines  are clearly seen in these figures. 

Figures  22 

Figures  20 

Efflux demister capsules and efflux pressure  sensing 

Lube l ines and argon lines a r e  
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shown in the rear  view of the turbine. 

Figures 44, 45, 46, 47 and 48 show the build-up sequence of the 

potassium turbine, water brake and steam turbine in the 3000 KW facility. 

F igure  49 is a view of the potassium turbine rotor  showing the two stages 

of buckets. 

Turbine Check-Out Testing 

Ear ly  in March, the potassium turbine, without the guide vane 

casing and inlet bullet nqse, was installed in the 3000 KW facility for 

preliminary check-out of the turbine and for check-out of various facility 

systems such a s  the steam control, water brake control, lube systems,  

oil-argon separation, etc. No  liquid metal  w a s  involved. 

Preliminary running of the turbine revealed that additional oil 

vapor-argon separation was required, that the main condenser blower 

t ransmit ted 2 mil  displacement vibration to the s t a r t e r  s team turbine, 

and that a l l  other facility systems worked well. 

denser blower speed has been reduced f rom 960 rpm to 850 rpm with only 

a 5 percent loss of air flowrate. Vibration w a s  reduced to 0. 5 mils.  The 

lo s s  of air f low i s  significant to condenser operation. As indicated above, 

two molecular sieves were installed for  better oil vapor removal. 

Consequently, the con- 

After the outer casing w a s  welded to the turbine, the turbine w a s  
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again installed in the glove box without lace. 

All loading and s t a r t e r  equipment was assembled, and the t e s t  turbine was 

rotated u p  to  17, 000 rpm to make su re  that weldings of the casing has not 

caused damaging distortion of the turbine assembly. 

this  tes t ,  the turbine was welded into the facility with essentially no 

measurable  distortion. Dvring the welding process,  the turbine shaft 

was turned by hand occasionally to make sure  that internal par ts  were 

not binding. 

m a s s  spectrometer leak checking. 

Upon completion of 

New welds were inspected by radiographing and/or  helium 

Following the above leak checking, the main loop and slinger sea l  

loop was hot flushed with potassium at 250 - 500°F. 

trapping in the main loop dump tank followed. 

hot flhrsliing was about 5 ppm and was about 25 ppm after hot trapping. 

100 hours of hot 

Oxygen concentration after 

Following the hot trapping, it was attempted to  run the potassium 

turbine on potassium vapor. 

of the turbine with the main loop pressure  below 1/2 psia. 

conducted with the turbine slinger seal  established and a t  a turbine speed up 

to 17, 000 rpm. 

turbine. However, during this  tes t  a pressure  differential between the 

turbine oil sump and the main loop caused oil to migrate  past a defective 

shaf t  seal  into the slinger seal  loop. 

The initial t es t  w a s  to  determine t a r e  losses  

This test was 

The tes t  was successful in determining t a r e  losses  of the 

Consequently, oil mixed with the slinger 
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sea l  potassium. 

the slinger seal loop, the slinger sea l  E. M. pump would not function. 

Ultimately, it was discovered that oil had actually mixed with potassium. 

A black residue w a s  found to be choking the E. M. pump, 

slinger sea l  loop piping was also coated with the residue. 

oil in the potassium w a s  ultimately t raced to a faulty shaft seal  in the 

potassium turbine. 

On the following day when an attempt w a s  made to r e s t a r t  

Most of the 

The presence of 

Removal of the potassium-oil compound from the slinger seal  loop 

required the disassembly of the loop and mechanical cleaning of the various 

components and piping. 

tr ied,  no cleaning solution other than wire brushing has been found which 

w i l l  satisfactorily remove the residue oil-potassium compound. The slinger 

s ea l  loop has since been put back together and checked for proper operation. 

Although several  cleaning compounds have been 

During the attempts to s ta r t  the slinger seal  loop, following the t a r e  

test, a smal l  quantity of potassium w a s  inadvertently t ransfer red  to the 

lube oil  system. 

and cleaned. However, cleaning of this system w a s  accomplished by 

pumping several  changes of f r e sh  oil through 5 micron f i l ters .  

particles of potassium were collected on the fi l ters.  

been completely cleaned and put back into proper operation condition. 

Consequently, the lube oil system also had to  be drained 

The small  

The oil system has 

The facility i s  on standby until a new shaft seal  i s  installed in the turbine. 
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V. MATERJALS SUPPORT 

METALLURGICAL EVALUATION OF PRETEST BUCKETS 

The U-700 stage 3 and 4 turbine buckets, which were exposed to 

s team and compressed air turbThe test conditions a t  a maximum tempera- 

tu re  of 350°F, were examined both metallographically and by hardness 

survey and were compared with unused buckets of the same manufactured 

lot. 

new and used buckets. 

blasting effect f rom rus t  particles which were dislodged f rom the compressed 

a i r  l ines during the pre-potassium tests .  

buckets can be seen in Figure 50 as compared with the as-machined finish 

of unused buckets. 

No difference w a s  found in hardness o r  microstructure  between the 

These U-700 buckets were subjected to a gr i t  

The rough surfaces  of these 

Both the stage 3 and t h e  stage 4 buckets were electrolytically etched 

and Zyglo inspected. Two of the stage 3 buckets were found to have cracks 

in their  leading edge located at dents which were caused by particle impact. 

Each bucket used in pre-testing was  then visually inspected and categorized 

according to  the dzgree of surface pits and leading edge damage. 

following conclusions were drawn f rom this  bucket inspection. 

The 

The turbine blade material  (U-700) suffered no detrimental effects 

a s  a resu l t  of the particle impacts and operating conditions encountered 
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during pre-testing, and therefore,  all  of the buckets a r e  metallurgically 

suitable for  further use in potassium testing. 

suffered the particle impacting to which the stage 3 buckets were subjected 

and accordingly the stage 4 blades are  suitable for fur ther  use. 

the stage 3 buckets have been rejected because of c racks  and/or  heavy 

dents in the leading edge, but these will be replaced with new blades which 

were procurred a s  replacement par ts  when the entire group of blades was 

purchased. 

for  use in the second endurance tes.t. 

None of the stage 4 buckets 

Three of 

All of these buckets used in pre-testing wi l l  be held in r e se rve  

CHEMICAL EVALUATION OF LUBE OIL 
~~ - ~~ 

Subsequent to the leakage of oil into the potassium of the slinger s ea l  

loop, an investigation was made of the oil used during tes t  and three other 

possible lubricants. The purpose of the test was to determine degree of 

reaction of the oil with potassium as a function of temperature.  

The lubricants examined were: 

DTE-797: 

LF-4095: 

OS-124: 

DuPont PR-143: 

the mineral  oil used in the April  13th test 

a high molecular weight polybutene 

a high molecular weight polyphenyl ether 

a high molecular weight fluorocarbon polymer 

All tests were made under argon in Pyrex  apparatus with outgassed 

oils. The following tables show the results:  
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t 
Temp. Remarks 
OF Without Potassium With 0.1 gm of Potassium 

I_q_ 

260 Vaporizing 

290 Potassium appeared to flake 

37 5 Clear condensate 

400 Beginning to  darken 

420 Cloudy due to  precipitate 

55 0 Black 

700 

Rm. T. 

Boiling - no appreciable 
darkening 

Carbonized product adheres  
to walls 

With 1 ml. of oil and 1 gm. of potassium a black solid w a s  obtained when 

heated. This material  resembled the mater ia l  obtained from the slinger 

s ea l  loop. 

(2) LF-4095 (100 ml)  

Temp. 
OF 

Remarks 
Without Potassium With 0.1 grn of Potassium 

200 Vaporizing 

24 5 Clear condensate 

250 

37 0 

Beginning to  darken 

Black 
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515 

Rm. T .  

Boiling - no appreciable 
darkening 

Carbonized product stayed 
dispersed in oil 

With 1 ml .  of oil and 1 gm. of potassium a black solid w a s  obtained 

on heating. 

Less  carbonized product as obtained with the LF-4095, but this is 

probably due to the fact  that a greater  quantity of oil w a s  distilled off 

dur ing h eating . 

The distillates f rom DTE-797 and LF-4095 were found to reac t  

with potassium in the same way as the original oils ,  

( 3 )  OS-124 

Temp. 
O F  

320 

525 

Rm. T. 

Remarks 
With 0.1 gm. of Potassium 

Beginning to darken 

Black 

Black product adheres  to walls 

With 1 ml.  of oil and 1 gm. of potassium much more  carbonize pxoduct 

w a s  obtained--more with OS-124 than with DTE-797 o r  LE-4095. 

(4) DuPont PR-143 
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Temp. 
O F  

Rm. T. 

300 

450 

Rm. T. 

Remarks 
With 0.1 gm. of Potassium 

Potassium becomes gray 

Po ta  s s ium becoming black 

Non-condensible fumes appeared 

Liquid still water white 

With 1 ml. of oil and 1 gm. of K,the potassium became gray at 

room temperature,  and as the temperature rose ,  a thick carbon deposit 

formed on the potassium. A t  its melting point the potassium spread out 

and reacted in a s imilar  manner. 

Sparking was seen and the heating was stopped at 370°F. 

At 300°F the reaction speeded up. 

The mixture then 

exploded violently and the temperature rose' t o  above 700°F. 

Shown in figure 51 is a comparison of the specific gravities of 

DTE-797, LF-4095, and potassium as a function of temperature.  The 

specific gravity of potassium is lower than DTE-797 a t  tempe-. A a ture  s 

below about 225'F and theoretically would float on the oil below this tem- 

perature .  

There appeared to be no reason to  change f rom DTE-797 to one of 

the other lubricants a t  this time. 

eas ie r  cleanup, but this is not known with certainty. 

The LF-4095 might possible permit 
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The black carbonaceous deposit which was removed from the 

potassium loop contained no f ree  potassium when delivered to the chemistry 

laboratory. An alkaline cleaner which i s  commonly used to remove deposits 

f rom engine parts was t r ied  as a solvent up to 200°F, but i t  had no effect. 

Trichloroethylene was also tr ied.  It dissolved the t a r s  and greases  and 

permitted dispersal  of the black, particulate mater ia l  which formed the 

major part  of the mixture. 

One loop fitting which contained the carbonaceous deposit was heated 

to 1000°F in an oxidizing atmosphere. 

after this treatment; however, a gritty deposit composed primarily of iron, 

chromium, nickel and potassium remained. The nature of this deposit 

has not yet been determined. 

The black deposit was not visible 

The 3000 kw loop dump tank w a s  sampled for presence of hydrogen 

with negative resul ts .  A carbon alaysis is in process.  
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Ta P 
N u m b e r  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

17 

18 

- TABLE I11 

AVERAGE VALUES OF 

EFFECTIVE FWW AREA FOR A I R  

Effect 1 ve 
A r e a  

(Sq. Inches) 

20.669 

16 ., 346 

13.066 

11 319 

9.144 

7.859 

7.075 

6.541 

6.033 

5.538 

4.996 

4.899 

4.886 

4.968 

5.145 

5.525 

5.524 

Throat Area 4 .884  
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Actual 
A r e a  

(Sq. Inches) 

20.173 

16 e 529 

13.422 

11.154 

9.327 

8.116 

7.154 

6.710 

6.158 

5.645 

5.086 

4,980 

4.932 

5.035 

5.285 

5.692 

5.800 

4.906 
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3 Mmensional Chang e, Inch x 10 

Dimeneion 
Location Position 

A 

B 

C 

TABLE V 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

11.570 
11.570 

11.570 
11.569 

10.234 
10.284 
io .282 
io. 283 

10.292 
10.292 
10.289 
10.289 

+ 5  + 3  + 5  + 2  + 3  + 2  -- 
+ 5  + 3  + 4  + 4  -- +9 + 7  
+ 1  + 4  -1 -2 + 4  + 3  0 
+ 4  + 3  + 4  + 4  -- + 8  + 1  

+ 0  + 3  + 4  + 4  + 3  + 5  + 3  
+ 3  +2 + 4  + 4  + 5  +7 +6 
-10 + 1 -5 -5 -1 -2 -4 
+ 4  + 2  + 3  + 4  + 3  + 7  + 5  

+ 6  + 2  + 3  + 3  -- +2 +1' 
+ 2  + 1  + 2  + 3  -- + 5  + 4  
-6 0 -3 -4 -1 -4 -5 

+ 4  + 2  + 3  + 4  -- + 5  + 4  
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TABLE V.1 

SUMMARY OF HYDRODYNAMIC SEAL TESTS IN AIR AND WATER 

Pres s u r e  W a t e r  
P I  P 5 , P 6  P8 f l o w  Speed 

Item psia psia psia ppm rpm Resistance of F igure  

1 A .  

2. 

3 .  

4. 

5. 

6. 

14. 7 sealed sealed 0 ,5000 S c r e w  sea l  3 3  

sealed 1 4 . 7  sealed 0 5000 Oil labyrinth, 34 
lube odle t  pipes 
and close-gap seal 

sealed sealed 1 4 . 7  0 5000 Argon inlet manifold, 35 
pota s s ium labyrinth, 
argon- pota s s ium 
outlet manif old 

sealed sealed 1 4 . 7  8. 5 5000 Argon-potassium 36 
o ut1 e t manif o Id 

sealed sealed 1 4 . 7  1 3 .  5 5000 Argon-potassium 37 
o ut 1 et  man if o Id 

sealed sealed 14, 7 16. 2 5000  Argon-po tas s ium 38 
outlet manifold 
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BTATIOII 1co. 1 - Upmtrau Liguld Injection 

Inlet c.lorirster 

Figure 3. Potaaaium Teat Turbine Inatrumentation Location 



I 

STATIOW m. 4, 5, 

Rve- 

STATION 7 I Uprtr- .Qltlot mido Vur .  

Figure 4. Potae eium Teat Turbine Ineturmentation Location 
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I n l e t  Total  Pressure, Psia 

Figure 6a. C-D Nozzle Critical Flow Versus Inlet Total Pressure. 
Inlet Quality, 99%. 
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Figure 6b.. C-D Nozzle Critical Flow Versus Inlet Total Pressure. 
Inlet Quality, 95%. 
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L5 20 25 35 
I n l e t  Total  Pressure, P s i a  

Figure 7a. Electromagnetic Flowmeter Flow Versus Inlet Total Pressure. 
Inlet Quality, 99%. 
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I n l e t  Tota l  Pressure, P s i a  

Figure Electromagnetic Flowmeter Flow Versus Inlet Total Pressure. 
Inlet Quality, 95%. 
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16 18 20 22 24 26 28 30 32 34 36 
In le t  Total Presaure, P s i a  

Figure 7c. Electromagnetic Flowmeter Flow Versus Inlet Total Pressure. 
Inlet Quality, 90%. 
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Inlet T o t a l  Pressure, Psia  

Figure 8a. Comparison of EMFM Flow and C-D Nozzle Critical Flow. 
Inlet Quality, 99%. 
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In le t  To ta l  Pressure, Psia 

Figure 8b. Comparison of EMFM and C-D Nozzle Critical Flow. 
Inlet Quality, 95%. 
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Figure 8c .  Comparison of EMFM Flow and C-D Nozzle Critical F l o w .  
Inlet Quality, 90% 



ln 

cu 9 
cu 

sdd ‘ M O ~  



1.0 

1.6 

.4 9 5  .6 .8 

Pressure Ratio 

Nominal Quality, 99 Per cent 

F igure  9a. Variation of Average  E d e t  t c ~  Throat  Psl:JLr::;a i Fxr:.-p,-< 
W i t h  Static to Total P r e s s u r e  Rat io  
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F igure  qb, Variation of A v e r a g e  Ldet  to Throat Polytropic E x p o ~ e r :  
with Static to Total Pressure. Ratio 
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Figure  12. Stator Assembly with Thermocouple wells Installed. 
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Figure  13. Outlet Guide Vane-Casing Assembly wi th  Welded Pressure Taps Installed. 

-93- 



Figure 14. Casing Assembly with Welded Pressure Taps. 
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Figure 15. Turbine Inlet Duct with Weld-Flange Blanks Attached. 
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Figure 17. Internal Diameter Measurements On 
Practice Weld Turbine Casing 
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T - 1 Inch Tack Welds 

W - Welds 

6 O T T O M  

Figure 18 .,. Turbine Casing, Welding Sequence 
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Figure 19. Turbine After Assembly 
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Figure  2 1 .  V i e w  Looking Forward of Turbine A f t e r  B e i n g  
Welded Into The 3000 KW F a c i l i t y  
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Hydrodynamic 
Seal Bearing 

Housing 

Turbine 

Oil Slinger 

i Bearing Lock N u t  
Sleeve 

I 

I i 
I 

- I  fF 
/ Metal "0" Ring 

Labyrinth Seal 

a )  Sketch of the Old "0" Ring Seal Assembly 

I Modified Bearing Sleeve 

L 

i I 
Stainlesd Steel Seal Ring I 

b )  Sketch of the New Seal Ring Assembly 

Figure 30. Original and Modified Assembly  of the Lube Oil Seal Ring 
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POTASSIUM & ARGON 
OUTLET MANIFOLD 

LUBE OIL 
OUTLET 

A 

SCAEW SEAL "0" Ring Seal (A)  

Figure 32; Sketch of Turbine Seal A s s e m b l y  
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Figure 39. Hydrodynamic Seal Loop. 
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Figure 48. Dynamometer Equipment Assembly 
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F i g u r e  49.  V i e w  of t h e  A s s e m b l e d  F i r s t  a n d  S e c o n d  S t a g e  
Rotor B u c k e t s .  
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Figure 50. Cold Flow Stage 3 Turbine Buckets Compared to Unused 
Buckets to Show Surface Pitting and Other Damage. 
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Flgsre 51, Cor,,parison of the Specific Gravity of Lube Oil and 
Pctassium as a Function of Temperature 
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E W M  

ref 

-- APPENDIX A 

Sgn?hls 

2 throat area,  ft 

cri t ical  velocity of sound, f p s  

effective flow area,  f t  2 

constant defined by equation 22 

turbine inlet to exit issentropic enthalpy drop, Btu/lbm 

actual turbine output work, Btu/lb, 

corrected specific work parameter,  Btu/lbm 

enthalpy loss  due to droplet drag, Btu/lb, 

turbine first stage work, Btu/lbm 

turbine second stage work, Btu/lb, 

electromagnetic flow meter 

gravitational constant, 32. 174 f t / s ec  2 

polytropic exponent determined f rom actual inlet conditions 

polytropic exponent based on reference inlet conditions of 
1600OF and 92 percent vapor quality 

= 

= corrected horsepower parameter,  hp 

BMI saturated vapor polytropic exponent 8 s  
HPC 

hl = station # I  enthalpy, Btu/lbm 

h 

h12 = liquid enthalpy based on liquid injection temperature,  Btu/lbm 

= latent heat enthalpy based on Ptlavg Btu/lbm 
f g l  J 
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hm3 

h i 4  

E _ ’  s 5  

hs‘6 

hs/7 

h s l l  

ht5 

h 

J 

K W  

t7 

C 

Tt 
C 

N 

n 

- 
n 

N 

pS 

Pt 

Pt 1 avg, 

resulting mixture enthalpy after liquid injection, Btu/lbm 

ideal static enthalpy at first stage nozzle exit, Btu/lbm 

ideal static enthalpy at first stage rotor exit, Btu/lbm 

ideal static enthalpy at second stage nozzle exit, Btu/lbm 

turbine exit ideal static enthalpy, But;/lbm 

saturated liquid enthalpy based on P tlavg, 

total enthalpy entering second stage nozzle, Btu/lbm 

total enthalpy at turbine exit, Btu/lb 

conversion, 778. 2 ft-lb/Btu 

corrected kilowatt parameter ,  KW 

turbine efficiency 

corrected speed parameter ,  rpm 

average polytropic exponent f rom inlet to throat 

average polytropic exponent f rom inlet to throat to be 
calculated from equation 29 

average turbine speed, rpm 

static pressure,  p s i a  

inlet total pressure,  p s i a  

average turbine inlet (station #1) total  pressure,  psia 

Btu/lbm 

m 

(Ps/Pt)12 = static to total p ressure  ratio at tap 1 2  

static to  total p ressure  ratio at throat (ps jPt)th 

(PS/PJl3 = static to total p ressure  rat io  at tap 13 

= 
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Qt 

RXl 

RX2 

Tt - 
T 

u P l  

uP2 

t V 

W 

W 
C 

w12 

W 
t 

w V l  

W 
1 

W* 
V 

wm 

*S 

xt3 

output torque, in-lb 

turbine fir st stage hub reaction 

turbine second stage hub reaction 

inlet total temperature,  OR 

overall  average torque, in-lb 

tare loss  torque, in-lb 

average water brake torque, in-lb 

average s t a r t e r  turbine torque, in-lb 

first stage rotor pitch line speed, fps 

second stage rotor pitch line speed, fps  

turbine inlet total saturated specific volume, f t 3  /lbm 

total nozzle flow, pps 

corrected flow parameter,  pps 

spray liquid flowmeter flow, pps  

turbine flow, pps 

main flowmeter flow, pps 

spray flow measured with spray  EMF'M, pps 

cr i t ical  vapor mass  flow, pps 

flow through inlet throttling calometer, pps 

average main EMFM flow, pps 

average spray  E M F M  flow, pps 

turbine inlet quality after liquid injection 
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X 
1 

x2 

Y 

Z 

= turbine inlet vapor quality 

= turbine second stage inlet vapor quality 

= residual formed by subtracting the given reading f rom 
the average 

= number of readings 
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